• SUMMARY: A standard exercise test was performed on defined groups of normal and asthmatic personnel • and recruits with a history of childhood asthma. Normal servicemen had a mean Exercise Lability Index (ELl) of 7.81, and we took an ELl of over 15 to be abnormal. By this criterion we found that 91.7% of service personnel with asthma who could not pass th e army Basic Fitness Test (BFT) were abnormal. Conversely among service personnel with asthma with an ELl above 15 we found 89.8% could not pass the BFT.
Introduction
It is recognized that increased bronchial lability can be demonstrated by appropriate exercise testing in asthmatic subjects and in asthmatics in apparent remission" 2. It is also recognized that a history of childhood asthma presents a problem in the assessment of potential recruits 3 and such a history is present in many who develop asthma during military service.
We have carried out a study of exercise related bronchiallability in service personnel with and without asthma, in asthmatic recruits, and in potential recruits with a history of childhood asthma with a view to assessing the usefulness of a standard exercise test in recruit selection.
Methods

Exercise Test
A standard exercise test was performed in all subjects. This consisted of exercising on a treadmill at six kilometres per hour on a ten degree slope for six minutes. All tests were performed in the morning at ambient temperature in a gymnasium. The temperature range was from 17° to 25° Celsius.
The Forced Expiratory Volume in one second (FEV 1) and Forced Vital Capacity (FVC) were measured using a dry spirometer (Vitalograph Ltd) using the "BTPS" scale. The results were recorded to the nearest 0.5 litres except when a "Vitalograph" flow analyser was used when the results were recorded to 0.01 litres.
FEV 1 and FVC were recorded at rest, immediately on completion of exercise, then at one, three, five, seven nine, twelve and fifteen minutes, but continued up to thirty minutes after exercise if a progressive fall occurred.
All results were studied to exclude those suggestive of a non-maximum expiratory effort.
The subjects had not received either disodium cromoglycate or a bronchodilator on the day of the test.
The resting FEV 1 was considered abnormal when it was less than 70% of the resting FVC.
An "Exercise Lability Index" (ELl) was calculated from the formula:
Highest FEV 1 -Lowest FEV 1 x 100 Resting FEV)
Subjects
We divided our subjects into six main groups. Group 1 A control group of servicemen who had no history of asthma or hay-fever and who had no respiratory illness. They had all successfully completed recruit training. We also tested a small number of servicewomen with asthma.
Results
Group 29 subjects were tested, one twice on different days to produce 30 observations. Age> ranged from 17 to 34 years (mean 20.4) and the resting FEV 1 ranged from 3.55L to 5.90L (mean 4.58 ± 1.l0L). All results were normal at rest. The ELT was between 2.88 and 12.20 (mean 7.81 ± 5.16).
Group 2 42 subjects aged from 17 to 41 (mean 27.1) were tested. The resting FEV, lay between 1.50L and 6.50L (mean 3.97 ± 1.80) and 10 (23.8%) were abnormal at rest. The ELT was between 6.4 and 68.6 (mean 31.72±29.96) and only four subjects (9.5%) had an ELl below 15. The distribution of ELl is shown in Figure 1 . In this group 16 subjects had an ELT of less than 15 (32%) and three of these with no history of childhood asthma only had symptoms on very strenuous sustained activity. 
Exercise Testing in Servicemen with Asthma and its application to the assessment of Potential Recruits
Group 6 78 subjects aged 15 to 25 (mean 18.5) were tested. The resting FEV! was from 2.75L to 6.05L (mean 4.48 ± 1.43L) and six were abnormal (7.7%). The ELl lay from 2.0 to 47.32 (mean 10.93 ± 15.59) and 62 subjects had an ELl of less than 15 (79.5%) ( Figure 5) .
Service women
We also· tested three servicewomen with mild asthma who could pass the BFT. Two had a normal ELl and one an ELl of 16.36.
A further six servicewomen who could not pass a BFT because of wheeze had a range of ELl from 22.16 to 73.13 (mean 38.3).
The proportions of servicemen, all serving personnel and potential recruits with ELl above and below 15 % are shown in Table 1 .
Discussion
Treadmill testing has been shown to be a reliable method of demonstrating increased bronchial lability and standard methods and patterns of response are described4, 5, 6. The level of exercise chosen was one likely to demonstrate changes in bronchial lability under controlled conditions and to be within the capabilities of apparently well recruits. Only two subjects were unable to complete the protocol, one developing asthma at two mintes, the other chest pains which prevented further exercise.
We did not adopt the practice of a second period of exercise following bronchodilator aerosol inhalation to increase lability as we wished to keep the procedure as simple as possible.
We consider it important that the FEV 1 and PVC results are checked carefully to exclude variable and non-maximum effort otherwise spuriously high lability results may be obtained. In only seven cases were the results so inconsistent as to be unimalysable.
Published results for normal bronchial lability have produced results higher than those described here. Results will vary with the method used however .
Our experience suggests that individuals with lability well over 20% may only have symptoms during the sustained physical activity required for military training, and others who deny childhood asthma have a history of "wheezy bronchitis" if asked.
We therefore felt it appropriate to define our own normal range in a group with no relevant past history and who had completed basic military training uneventfully. These subjects were either technicians in the clinical measurements department or orthopaedic patients undergoing remedial physiotherapy. None experienced any difficulty performing the test. 
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We have thus defined a range of normal exercise bronchial lability with a mean of 7.81 and a standard deviation (n-i) of 2.58. A conventional upper limit of normal would be 12.97 (mean + 2SD) and it would be highly unlikely that a normal result would exceed 15.55 (mean + 3SD).
In discussing our results we have taken an ELl of over 15 to be abnormal.
Lability in Asthmatic Subjects
In the group of asthmatic servicemen who could not pass the BFT only 10 (23.8%) had an abnormal resting vitalograph. A small number of servicemen in low medical category with chronic persistent wheeze were deliberately not tested. In contrast several individuals in this group had little or no incapacity in everyday activity and sports including football, badminton and squash although they were often aware of some wheeze during these activities. Characteristically these subjects failed their BFT during the "Best Effort" run, that is after 6 to 10 minutes sustained running. Figure 1 shows the distribution of ELl in this group. The ELl exceeded 20 in 35 subjects (83.6%) and exceeded 15 in 38 subjects (90.5 %).
Thus in known asthmatic servicemen there is a good correlation between an ELl above 15 and failure in the BFT. In the six servicewomen with asthma who could not pass the BFT all had an ELl above 15 so that overall 91.7% of 48 service personnel unable to pass the BFT had an ELl of more than 15. (Table 1.) symptoms had developed three months earlier on return to UK in November from Hong Kong. He complained of wheeze when not running his habitual 10 to 12 miles daily. His resting FEV! rose from 3.1L to 3.55L (14.5%) on exercise, falling to 2.6L (16.1 %) after exercise' (ELl 30.6). Clearly some individuals with asthma can cope with the demands of exercise despite abnormal lability, but they are probably exceptional.
Increased exercise induced bronchial labiIity is only one aspect of bronchial asthma and will differ in degree between individuals 2 although it has been suggested that most if not all asthmatics will show an abnormal response to an exercise or cold hyperventilation test if this is severe enough 8 , 9. The test which we used at ambient indoor temperature will not identify all subjects with abnormal bronchial lability. Nevertheless we feel there is a useful correlation between our results and ability to pass the BFT. Of the total of 67 asthmatic serving personnel tested 48 had a lability of over 15 and of these 44 (91.7%) could not pass the BFT. In 43 of them the ELl exceeded 20 and 41 (95.4%) could not pass the BFT.
We feel that these observations in service personnel justify the view that an individual with an ELl above 15 is unlikely to meet the army standard of basic fitness. An individual with an ELl above 20 is highly unlikely to do so.
Lability in Recruits
This group had all been passed fit at pre-service and initial medical examination. Thirty five of them Table 1 Distribution of normal and abnormal Exercise LabiIity Index in groups of asthmatic subjects Not all asthmatic personnel however fail their BFT and these subjects had lower labilities ( Figure  2 ). Of these servicemen only four (25%) were abnormal by our criteria and only two had an ELl above 20. Both these subjects had an abnormal resting FEV!. One had a lability, entirely a fall of 29.2, despite having passed a BFT six months earlier.
The other was a marathon runner aged 38 whose had a past history of asthma and about half of these had been referred for specialist opinion. Only two had been exercise tested, both by us and both were normal and remained normal on re-testing. Many of the group were referred with symptoms which developed on exercise much more strenuous than that demanded by the BFT, for example 5 to 10 mile runs in battle order. lhree SUbjects, indicated in figure 3 , only developed symptoms on completion of such a 10 mile run. Thus the broader spread of results with more normal labilities is not surprising.
The results however suggest that up to 68 % might have been identified prior to enlistment if an exercise test had been done prior to the pr\'!-service medical examination.
Lability in Potential Recruits in Remission
Of the 108 potential recruits tested all but two claimed to have had only mild childhood symptoms, with little or no time off school, no hospital admission, or prolonged periods of treatment of any sort. All claimed to be in remission and had been considered normal at initial or pre-service examination, being referred in accordance with Pulheems regulations.
By critical direct questioning we obtained historie,> of wheeze, however trivial, in 29 subjects in the previous year. As shown in figure 4 , we found 15 (51.7%) of this group were abnormal.
The distribution of ELl was quite different in the 78 who denied all symptoms after close questioning 
Conclusion
A separate analysis of potential recruits in apparent remission has shown no relationship between duration of remission, atopic history, age of subject, smoking habit and the finding of an ELl above 1510.
Critical questioning will reveal some symptoms in a proportion of individuals who claim to be in remission.
Nevertheless a number of individuals with a history of childhood asthma who appear to be in complete remission, often playing sport at school with no problem, will have an ELl of an order which we feel is unlikely to be compatible with the performance of military training.
Some of the subjects we considered abnormal had an abnormal resting FEV 1 , but the majority were normal at rest. We feel therefore that when recruits with a past history of asthma are being assessed, those not found to have asthma after a careful history and resting ventilation tests should undergo a formal exercise test as a substantial number will prove to be abnormal and unsuitable for service.
